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Introduction

In the wake of the 2009 A/H1N1 influenza pandemic, many 
countries have considered or are considering modifying their 
seasonal influenza immunization policies.1,2 For example, both 
the US3 and the UK4 recently expanded their recommenda-
tions to include vaccination of children. Several other European 
countries, Canada and Hong Kong recommend childhood vac-
cination, while Austria, Estonia and several Canadian provinces 
recommend vaccination for all age groups.5-7 The World Health 
Organization promotes the use of seasonal influenza vaccination 
through its Global Action Plan. However, they recently identified 
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Many countries have considered or are considering modifying 
their seasonal influenza immunization policies. estimating the 
impact of such changes requires understanding the existing 
clinical and economic burden of influenza, as well as the 
potential impact of different vaccination options. Previous 
studies suggest that vaccinating clinical risk groups, health 
care workers, children and the elderly may be cost-effective. 
However, challenges in such estimation include: (1) potential 
cases are not usually virologically tested; (2) cases have non-
specific symptoms and are rarely reported to surveillance 
systems; (3) endpoints for influenza proxies (such as influenza-
like illness) need to be matched to case definitions for treatment 
costs, (4) disease burden estimates vary from year to year with 
strain transmissibility, virulence and prior immunity, (5) methods 
to estimate productivity losses due to influenza vary, (6) vaccine 
efficacy estimates from trials differ due to variation in subtype 
prevalence, vaccine match and case ascertainment, and (7) 
indirect (herd) protection from vaccination depends on setting-
specific variables that are difficult to directly measure. Given 
the importance of knowing the impact of changes to influenza 
policy, such complexities need careful treatment using tools 
such as population-based trial designs, meta-analyses, time-
series analyses and transmission dynamic models.
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lack of evidence on disease burden and cost-effectiveness as a bar-
rier to decision making in this area.8

A range of options for influenza immunization policy exist, 
including the type of program (universal or targeted), groups to 
target for age or risk-based strategies (health care workers, clinical 
risk groups, children, the elderly, working adults), type of vaccine 
to use (inactivated or live, adjuvanted or unadjuvanted) and the 
mechanism for funding (public sector, insurance, out-of-pocket, 
employers). The large number of potential targets and program 
types complicates evaluation and decision making in the area, 
especially as each option should ideally be evaluated incremen-
tally (i.e., compared with the next best feasible alternative).

Estimating the potential impact of a change in policy can 
be separated into two steps. The first is to estimate the existing 
burden, both in terms of influenza-attributable disease as well 
as the resulting economic burden associated with disease to the 
health care system and the wider economy. Once this baseline is 
established, the proportion of this disease and economic loss that 
can potentially be prevented using different vaccination strategies 
can be estimated. This allows the potential benefit of different 
options to be quantified and compared with each other.

In this article, we describe key issues and challenges involved 
in each stage of this process. We also discuss the extent to which 
they are addressed in existing economic evaluations of influenza 
vaccination in different target groups. Table 1 summarizes the 
steps involved in establishing the impact of influenza vaccination 
along with the key components, potential difficulties and tools 
that can be used at each stage. Our purpose is to guide analysts 
conducting studies to estimate influenza vaccine impact, and 
policy makers interpreting such studies; for recommendations on 
vaccination policy itself we refer readers to recent World Health 
Organization guidelines.9

Estimating the Epidemiological Burden of Disease

Estimating influenza disease burden is complicated by a lack of 
routine laboratory testing and non-specific symptoms.10 This 
means the number of confirmed cases that are detected by routine 
surveillance systems substantially underestimates the true disease 
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Time-series methods are often used to estimate more severe 
influenza disease that requires healthcare use or that is recorded 
in routine mortality statistics. These models examine changes in 
broader disease categories over time alongside the known seasonal 
variation in influenza activity. Essentially the models try to predict 
the influenza-attributable disease by establishing a non-influenza 
background rate of disease. The models can broadly be grouped 
into two categories,18 those that use measures of influenza activ-
ity (e.g., laboratory reports) and other independent variables11,19 to 
establish the background rate, and those that assume that the back-
ground rate follows a consistent seasonal pattern.20,21

An alternative direct approach would be routine virological 
testing of all patients with respiratory symptoms seeking health-
care, but this is usually too resource-intensive to do outside a 
research setting. Whatever method is used to establish disease 
burden, they should be made over several years (rather than a sin-
gle season) due to variation in strain transmissibility, virulence, 
and prior immunity over time.17

Estimating the Economic Burden

A broad distinction can be made between the direct and indi-
rect cost burden. Direct costs are for medical consumption (con-
sultations, medication, diagnostic tests, surgery, etc.) related to 
diagnosis and treatment of disease against which vaccination 
offers protection. They also comprise costs, directly related to 
the implementation of the vaccination program, consisting of 
administration costs (consultations, needles, syringes, screening, 
information campaign, cold chain, infrastructure (buildings, 
vehicles, training, etc.) and vaccine purchasing costs (based on 
the number of required doses, including wastage). Treatment 
costs for vaccine associated adverse events may also be included 

burden.11 The level of underestimation is most evident when con-
sidering mild disease in the community but is also a major issue 
when trying to estimate more severe influenza disease burden. This 
has led to the use of proxy disease categories, as well as other more 
complex modeling methods, to assess the influenza disease burden.

Proxy categories vary in their sensitivity and specificity, typi-
cally relying on clinical diagnosis, with influenza causing only 
a proportion of the total disease. Commonly used categories 
include acute respiratory illness (ARI)12 or influenza-like illness 
(ILI),13 which typically includes fever (of ≥ 38°C) and cough 
and/or sore throat.14 Other studies have used the category of 
pneumonia and influenza from hospitalization or mortality 
records.15 Information on such categories does not require addi-
tional testing and is often available in routinely collected data, if 
for example, they have corresponding ICD code categories.

While these categories may not provide a realistic measure of 
the influenza disease burden, they can be used to help monitor 
disease patterns over time14 or as precursors to laboratory testing 
in clinical trials.12 There have been efforts to try and standard-
ize definitions such as ILI to increase their reliability as proxies 
for influenza.14 However, the specificity and sensitivity may still 
vary by age-group and setting,16 as well as from season to season 
dependent on the circulation of causative agents over time.17

The severity of disease that can be caused by influenza var-
ies from asymptomatic or mild disease (non-medically attended), 
to more severe infections which require ambulatory or hospital 
care and which may result in death. The ways in which disease 
burden is typically estimated also vary by the differing levels of 
severity. Direct estimates of community (non-health seeking) 
clinical attack rates require virological testing of those reporting 
symptoms, while serological sampling may be used to estimate 
the overall (clinical and non-clinical) infection rate.11,18

Table 1. Stages in establishing the impact of seasonal influenza vaccination

Stage Key components Potential difficulties Available data and tools

1. establish the influenza-
attributable disease burden

Community (non-health seeking) 
infection

Cases are not generally recorded
Serological and virological surveys  

combined with statistical and  
mathematical models

Healthcare utilization and mor-
tality

Cases have non-specific symptoms 
and are rarely tested

Longitudinal data sets

Statistical time-series models

2. establish the economic 
burden of influenza

Direct costs to healthcare provid-
ers and households

volume estimates of outcomes must 
be matched with unit costs

Health care records

Patient surveys

Market prices (or shadow prices), tariffs

indirect costs (loss of productivity 
and leisure time)

estimates differ widely depending on 
the method used and inter-country 

differences in work absenteeism.

Human capital estimates

Friction costs

Stated or revealed preference studies

3. establish vaccine impact in 
a population

efficacy in vaccinated individuals
Clinical trials estimates vary due to 

changes in subtype prevalence, vac-
cine match and case ascertainment

randomized clinical trials

Meta-analyses

indirect impact on non-vaccinat-
ed individuals

indirect protection depends on 
setting-specific variables that are dif-

ficult to directly measure

Household and cluster randomized 
studies

Transmission dynamic models
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An adaptation to the human capital approach is made with 
the friction cost method, by which the period of interruption 
of productivity is limited to the friction period (i.e., the time it 
takes to replace a sick or deceased individual by somebody else 
performing the same tasks).25,26 The friction period depends on 
the nature of the activity and on the labor market equilibrium 
(e.g., the friction period is shorter for unskilled laborers than 
for skilled laborers, and longer in periods with less unemploy-
ment). With the friction cost method, absence from work during 
the friction period is assumed to cause a less than proportional 
decrease in labor productivity, because of internal labor reserves, 
catching-up work upon return and diminishing returns for 
labor.27 This method leads to lower and arguably more realis-
tic estimates of lost production due to disease than the human 
capital method.28 A limitation of the friction cost method is 
that it ignores the value of lost working time (and income) and 
lost leisure time to the sick individual, because it focuses on the 
employer.27 Therefore, while using the friction cost method to 
estimate lost productivity time in the numerator, non-monetized 
(leisure) time should implicitly be included in the measurement 
of health gains in the denominator of the cost-effectiveness ratio. 
A third alternative is using stated preference studies (contin-
gency valuation or willingness to pay methods, through which 
estimates are elicited by questionnaires) or revealed preference 
studies (for which estimates are derived from observed behav-
ior). However these yield diverging results and are much less 
used in applied analyses.

As for other highly frequent and often self-limiting illness 
(e.g., varicella29 and rotavirus30), when indirect cost savings by 
vaccination are included in the analysis, they tend to dominate 
the direct costs saved, particularly when the human capital 
method is used.23 This is also the case for influenza vaccination 
strategies that impact on absenteeism of working adults (either 
directly by preventing adult’s illness, or indirectly by preventing 
their children’s illness).31

Indirect cost estimates are also used to value the loss of life 
years due to fatalities. Here too, the human capital, friction cost 
and willingness to pay methods can all be used, again likely 
yielding substantially different estimates. The friction cost 
method then values the time period needed to replace a deceased 
employee, and not the other life-years a deceased person has lost. 
The latter life-years should therefore be included in the denomi-
nator of the cost-effectiveness ratio when using the friction cost 
approach.

Inter-country differences in rates of influenza-associated 
work absenteeism and likely also in ILI consultation rates in gen-
eral, can be due to country-specific differences in requirements 
for physician certification that an employee is unable to work. In 
some countries, employees are required to consult a physician to 
obtain such a statement from their first day of illness onwards, 
whereas in other countries, absence from work can be up to 14 d 
before a physician’s statement is required to justify the absence.32 
Particularly for mild influenza cases, these differences may influ-
ence a patient’s inclination to consult a physician, and possibly 
also the total period of absenteeism estimated by a physician for a 
patient presenting for care early during the illness period.

here. Direct personal costs, which are often ignored, include 
transport costs incurred to receive vaccination or treatment.22,23

Indirect costs encompass costs of lost time (either productive 
time or leisure time, or a combination of both) in patients. They 
may also include such time losses in caregivers of patients (e.g., 
parents, spouse), depending on a jurisdiction’s guidelines for eco-
nomic evaluation.

Cost estimates are usually derived from the quantity of 
resources consumed and their unit costs. The former estimate (i.e., 
number of consultations, hospital days, medicine packages, days 
of sick leave etc) can be based on case report forms, patient charts, 
hospital records as well as surveys among patients and caregivers. 
Unit cost estimates are usually based on the latest available market 
prices and tariffs, or their shadow prices to approach opportunity 
costs. Unit cost estimates can be sensitive to the category of disease 
being used (self-reported ILI, clinician reported ILI, clinician con-
firmed influenza, laboratory confirmed influenza etc.). Therefore 
it is essential that estimates of volume (e.g., age-specific number 
of symptomatic ILI cases who have attended primary care at least 
once, derived from primary care reporting systems) are carefully 
matched with appropriate unit cost estimates (eg, costs for patients 
who have symptomatic ILI and attend primary care at least once, 
derived from surveys among patients attending primary care). 
Failure to do so can lead to substantial under or overestimation of 
the cost burden arising from a specific patient group.

Although it is widely accepted that indirect costs in the form 
of time losses do represent some given quantity of costs (to the 
individual, to an employer, to society), currently these costs are 
usually ignored in applied economic evaluations. Time losses arise 
whenever individuals interrupt their normal activities, because of 
illness or premature mortality (to themselves and/or friends/rela-
tives), or to be subjected to an intervention, for instance, to be 
vaccinated. During illness or for part of the rest of the expected 
lifetime (or very briefly during the vaccination consultation), this 
individual and society then incur time costs. Although there are 
variations in what guidelines describe as societal and health care 
sector perspectives, in theory a societal perspective requires the 
inclusion of all costs, no matter who they accrue to. A health 
care sector (and health care payer/provider) perspective usually 
excludes all indirect costs. However, the use of a measure of 
health utilities such as quality adjusted life-years (QALYs) may 
implicitly incorporate some non-monetized valuation of lost pro-
ductive and leisure time.

For influenza, the estimates of the mean number of working 
days lost per episode typically range between 1.5 and 4.9 d (labo-
ratory-confirmed influenza), 3.7–5.9 d (physician diagnosis), and 
< 1 d to 4.3 d (self-reported influenza).24 These ranges again illus-
trate the need to match the number of episodes that occur with 
the diagnosis and severity of those episodes.

The human capital method is the oldest and historically the 
most popular method to estimate the value of time losses. With 
this approach one’s earnings are considered to be a good estimate 
of the opportunity costs of one’s lost time. In other words the 
value of lost production is considered to equal the present value 
of future earnings during the period of lost (or impaired) ability 
to work or to enjoy leisure activities.22



©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com Human vaccines & immunotherapeutics 837

However, these studies are limited by lack of external valid-
ity.41 Indirect protection depends on variables such as household 
structure, age distribution, population mixing, infectivity of 
influenza strains, susceptibility of individuals and vaccine cov-
erage which differ between settings and are mostly difficult to 
measure in trials. Consequently, mathematical models have been 
used as an alternative to primary studies to estimate influenza 
vaccine impact. Such models, called transmission dynamic mod-
els, relate the risk (or force) of infection at different time points 
to the proportion of the population infected at that time.42,43 
For instance, a model-based analysis of the English influenza 
immunization program concluded that most of its benefits were 
obtained through indirect protection rather than by directly pro-
tecting vaccine recipients.44 However, results of models are highly 
dependent on assumptions made about key parameters which 
are difficult to measure, such as the probability of transmission, 
degree of initial seeding and clinical attack rate. Hence sensitivity 
analysis to investigate the robustness of conclusions to changes in 
such assumptions is vital, but is rarely done.17

Application to Existing Studies

To investigate the extent to which the issues outlined above are 
addressed by economic evaluations of influenza vaccination, 
we conducted a review of existing reviews published between 
January 2006 and October 2012. We searched PubMed and 
Web of Science (SCI and SSCI) using the general search string 
“(cost OR costs OR cost-effectiveness OR cost-benefit OR cost-
utility OR economic) AND influenza AND (vaccine OR vac-
cines OR vaccination OR immunisation OR immunization)” 
in the title field. Articles were shortlisted if they were systematic 
reviews published in peer-reviewed journals in English, review-
ing full economic evaluations of seasonal influenza vaccination.

The combined search identified 129 publications after removal 
of duplicates. However, 119 were excluded for various reasons (61 
primary research articles, 23 meeting abstracts, 12 about pandemic 
influenza, 10 without economic evaluations, 4 not about influenza 
vaccination, 4 opinion pieces, 2 news items, 2 not about vaccina-
tion, 1 in Mandarin). The remaining 10 articles focused on either 
people with underlying illness,45 children,17,46-48 healthy (working) 
adults,49-51 health care workers52 or the elderly.45,53

The reviews concluded that targeted seasonal influenza vac-
cination programs were generally found to be cost-effective and 
even cost saving in some circumstances (see Table 2). The excep-
tion was targeting healthy working adults, where the evidence 
was more mixed. However, all reviews concluded that results of 
analyses were sensitive to assumptions made about many of the 
issues discussed in this article, including herd (indirect) protec-
tion, incorporation of the cost of productivity loss, estimating 
vaccine effectiveness against different endpoints, estimating the 
influenza-attributable proportion of different endpoints and esti-
mating vaccination costs. Herd protection was identified as a key 
issue by all articles about vaccination of young children, while 
productivity implications were identified as key issues for both 
childhood and working adult programs.

Estimating Vaccine Impact

Clinical trials provide an estimate of vaccine efficacy in vac-
cinated individuals within the trial setting. Efficacy varies 
depending on characteristics of both vaccinee (age, immuno-
competence) and vaccine (dosage, presence of adjuvant, live or 
inactivated). However, there are several problems around directly 
applying trial results to obtain an estimate of population-level 
vaccine impact. First, seasonal influenza virus consists of three 
subtypes (influenza A/H1, A/H3 and B), each of which has a 
separate profile in terms of virulence, transmissibility, seasonal-
ity and potential for vaccine effect. The relative prevalence of 
each subtype, and hence overall vaccine effect, differs between 
seasons and across locations. Furthermore, the genetic composi-
tion of each subtype changes from season to season (antigenic 
drift). Vaccines are updated each year to account for drift, but 
their degree of match to each season’s strains differs by season 
and location. In some years, larger genetic changes (antigenic 
shifts) occur, which can lead to particularly poorly matched 
vaccines. One study suggests that, in between 1987–1997, a 
good match between vaccine and the predominant strain only 
occurred in 50% of seasons.33

Second, immune correlates of vaccine protection are not 
always reliable endpoints for estimating impact because their 
association with efficacy against disease is variable. Evidence 
about such links is particularly weak in target groups that may 
respond least well to vaccination, such as young children, the 
elderly and immunocompromised.34 Hence, impact estima-
tion relies on infection and disease endpoints. However, case 
ascertainment varies because the accuracy of virological testing 
changes over time and between laboratories.35 Sometimes proxies 
such as influenza-like illness are used as trial outcomes instead or 
as precursors to laboratory confirmation.12 However, this makes 
case ascertainment dependent on clinical judgment, which can 
be even more variable than laboratory testing accuracy. Also, vac-
cine impact on severe outcomes such as hospitalization and death 
is likely to differ from impact on all cases, and may be particu-
larly difficult to measure due to the large sample sizes needed to 
precisely estimate these relatively rare events.36

Third, population-level vaccine effectiveness can be greater 
than individual-level vaccine efficacy because of indirect (herd) 
impact. That is, preventing infection in an individual protects 
not only that person but also others who would otherwise 
have been infected by the person now vaccinated. Some study 
designs can be used to estimate indirect impact.37 Household 
trials record influenza episodes not just in vaccinated individu-
als but also in members of the same household,38 while cluster 
trials randomize the entire eligible population of a geographi-
cally contiguous area to be vaccinated or not.39 A third method 
is to use population surveillance to compare influenza incidence 
before and after a vaccination program is introduced. For exam-
ple, post-vaccination surveillance in Ontario suggested that 
influenza incidence decreased after the introduction of univer-
sal vaccination to a level beyond that which could be predicted 
from direct protection alone.40



©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

838 Human vaccines & immunotherapeutics volume 9 issue 4

reasons we outlined.23 Besides the broad principles in Table 1, 
Table 3 provides further recommendations for estimating the 
impact and cost-effectiveness of seasonal influenza vaccination 
in specific groups.
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Conclusion

Our review highlights a number of important issues in each 
of these steps. The issues we discuss around estimating the 
epidemiological and economic burden of influenza, as well 
as the impact of different vaccination programs, can have an 
important effect on the conclusion of studies such as economic 
evaluations that are crucial for policy making. Policy making 
for vaccines is subject to particular complexities and uncertain-
ties and influenza vaccination is no exception to this for the 

Table 2. Key issues considered in economic evaluations of seasonal influenza vaccination

Key issues relating to outcomes*

Paper Target group
Number of studies 

reviewed
Main study  
conclusions

Herd Endp Prod VCost VEff Other key issues

Newall 201217 Children ≤ 18 y 20
11/20 cost saving; 
remainder mostly 

cost-effective
√ √ √ √

Difficulty estimating 
severe outcomes.

Coleman 200646 Children 7 Not discussed √ √

Consumer choice

Direct expenses paid 
by households

Trade-off between 
paying for prevention 

and treatment

Nichol 201147 Children ≤ 18 y 20
11/20 cost saving; 
remainder mostly 

cost-effective
√

Savidan 200848 Children < 18 y 15
All cost saving or 

cost-effective
√ √ √

Burls 200652

Healthy adults, 
healthcare 

workers
14

10/14 cost saving 
(including 2/2 on 
health care work-

ers)

√

Gatwood 201249 Healthy adults 
18–64 y

7
“Generally not 

cost saving”
√ √

variability in  
outcomes

Setting of vaccine 
delivery

Severe adverse events

estimating less severe 
endpoints

Hogan 201250 Healthy adults 10
8/10 favored vac-

cination
√ √ √ √

Perspective  
(employer only or 
employee as well)

Newall 200951 Adults 50–64 y 6 All cost-effective √ √ √ √

Life expectancy in 
people with  

co-morbidities

De waure 201245

Adults > 50 y 
and high-risk 
populations

20

All cost saving or 
cost-effective in 
both elderly and 
high-risk groups

√ √

Postma 200653 elderly 18
15/18 cost sav-
ing, 16/18 cost-

effective
√ √ √

Definition of influen-
za-attributable  

hospitalization or 
death

* Herd: herd protection; endpt: mismatch in endpoints used to estimate incidence and vaccine effectiveness (e.g., acute respiratory illness, influenza-
like illness, laboratory-confirmed influenza); Prod: productivity loss due to influenza; vCost: drivers of vaccination costs (purchase and administration); 
veff: drivers of vaccine effectiveness.
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Table 3. Specific recommendations for estimating the impact and cost-effectiveness of seasonal influenza vaccination in particular groups

Target group Recommendations

Healthy young children (0–5 y) Consideration of household and pre-school transmission is important in this key transmission group.

Healthy school age children Consideration of household and school-based transmission is important in this key transmission group.

Healthy adults
This is not a usual target group for seasonal influenza vaccination. However, the economic burden of influenza to 

families and employers may be substantial due to its effect on productivity.

elderly
Account needs to be taken of the substantial burden of morbidity and mortality that may not necessarily be 

attributed to influenza.

Population with high risk of 
complications due to chronic 

conditions

Appropriate assessment of the risk and vaccine effectiveness in these groups, which are often small in comparison 
with the overall population.

Pregnant women Potential protective effect mothers on their infants should be considered.

Health care workers Potential protective effect on high-risk patients should be considered.

References
1. Ng S, Wu P, Nishiura H, Ip DK, Lee ES, Cowling BJ. 

An analysis of national target groups for monovalent 
2009 pandemic influenza vaccine and trivalent seasonal 
influenza vaccines in 2009-10 and 2010-11. BMC 
Infect Dis 2011; 11:230; PMID:21871096; http://
dx.doi.org/10.1186/1471-2334-11-230.

2. Hombach J. Seasonal influenza vaccine policy and utili-
zation: a global perspective. www.who.int/entity/influ-
enza_vaccines_plan/resources/hombach.pdf. Accessed 
on 1 Oct 2012. www.who.int/entity/influenza_vac-
cines_plan/resources/hombach.pdf. 2012.

3. Fiore AE, Uyeki TM, Broder K, Finelli L, Euler GL, 
Singleton JA, et al.; Centers for Disease Control and 
Prevention (CDC). Prevention and control of influ-
enza with vaccines: recommendations of the Advisory 
Committee on Immunization Practices (ACIP), 
2010. MMWR Recomm Rep 2010; 59(RR-8):1-62; 
PMID:20689501.

4. Department of Health. JCVI statement on the annual 
influenza vaccination programme - extension of the pro-
gramme to children, 25 July 2012. https://www.wp.dh.
gov.uk/transparency/files/2012/07/JCVI-statement-
on-the-annual-influenza-vaccination-programme-
25-July-2012.pdf. Accessed on 27 November 2011. 
https://www.wp.dh.gov.uk/transparency/files/2012/07/
JCVI-statement-on-the-annual-influenza-vaccination-
programme-25-July-2012.pdf. 2012.

5. Mereckiene J, Cotter S, D’Ancona F, Giambi C, Nicoll 
A, Levy-Bruhl D, et al.; VENICE project gatekeep-
ers group. Differences in national influenza vaccina-
tion policies across the European Union, Norway 
and Iceland 2008-2009. Euro Surveill 2010; 15:15; 
PMID:21087586.

6. National Advisory Committee on Immunization 
(NACI). Statement on Seasonal Influenza Vaccine for 
2012-2013. Can Commun Dis Rep 2012; 130:38.

7. Department of Health of the Government of the 
Hong Kong Special Administrative Region. Scientific 
Committee’s recommendations on influenza vaccina-
tion for 2012/13 season. http://www.dh.gov.hk/eng-
lish/press/2012/120726-2.html. Accessed on 9 January 
2013. 2013.

8. World Health Organization. Report of the second 
WHO Consultation of the Global Action Plan for 
Influenza Vaccines (GAP). 1-1-2011.

9. Vaccines against influenza WHO position paper – 
November 2012. Wkly Epidemiol Rec 2012; 87:461-
76; PMID:23210147.

10. Nicholson KG. Clinical features of influenza. Semin 
Respir Infect 1992; 7:26-37; PMID:1609165.

11. Thompson WW, Shay DK, Weintraub E, Brammer L, 
Cox N, Anderson LJ, et al. Mortality associated with 
influenza and respiratory syncytial virus in the United 
States. JAMA 2003; 289:179-86; PMID:12517228; 
http://dx.doi.org/10.1001/jama.289.2.179.

12. Klick B, Nishiura H, Cowling BJ. Optimal design of 
intervention studies to prevent influenza in healthy 
cohorts. PLoS One 2012; 7:e35166; PMID:22514718; 
http://dx.doi.org/10.1371/journal.pone.0035166.

13. Centers for Disease Control and Prevention. Centers 
for Disease Control and Prevention. Overview of 
Influenza Surveillance in the United States. October 
5, 2012. http://www.cdc.gov/flu/pdf/weekly/overview.
pdf. Accessed on 27 October 2012. http://www.cdc.
gov/flu/pdf/weekly/overview.pdf. 2012.

14. World Health Organization. WHO global technical 
consultation: global standards and tools for infuenza 
surveillance. Geneva, Switzerland, 8-10 March 2011. 
http://whqlibdoc.who.int/hq/2011/WHO_HSE_
GIP_2011.1_eng.pdf. Accessed on 27 November 2012. 
http://whqlibdoc.who.int/hq/2011/WHO_HSE_
GIP_2011.1_eng.pdf. 2012.

15. Barker WH, Mullooly JP. Pneumonia and influ-
enza deaths during epidemics: implications for 
prevention. Arch Intern Med 1982; 142:85-
9; PMID:7053739; http://dx.doi.org/10.1001/
archinte.1982.00340140087016.

16. Navarro-Marí JM, Pérez-Ruiz M, Cantudo-Muñoz P, 
Petit-Gancedo C, Jiménez-Valera M, Rosa-Fraile M; 
Influenza Surveillance Network in Andalusia, Spain. 
Influenza-like illness criteria were poorly related to 
laboratory-confirmed influenza in a sentinel sur-
veillance study. J Clin Epidemiol 2005; 58:275-9; 
PMID:15768487; http://dx.doi.org/10.1016/j.jcline-
pi.2004.08.014.

17. Newall AT, Jit M, Beutels P. Economic evalu-
ations of childhood influenza vaccination: 
a critical review. Pharmacoeconomics 2012; 
30:647-60; PMID:22788257; http://dx.doi.
org/10.2165/11599130-000000000-00000.

18. Newall AT, Viboud C, Wood JG. Influenza-attributable 
mortality in Australians aged more than 50 years: 
a comparison of different modelling approaches. 
Epidemiol Infect 2010; 138:836-42; PMID:19941685; 
http://dx.doi.org/10.1017/S095026880999118X.

19. Newall AT, Wood JG, Macintyre CR. Influenza-
related hospitalisation and death in Australians aged 
50 years and older. Vaccine 2008; 26:2135-41; 
PMID:18325639; http://dx.doi.org/10.1016/j.vac-
cine.2008.01.051.

20. Simonsen L, Clarke MJ, Williamson GD, Stroup 
DF, Arden NH, Schonberger LB. The impact of 
influenza epidemics on mortality: introducing a 
severity index. Am J Public Health 1997; 87:1944-
50; PMID:9431281; http://dx.doi.org/10.2105/
AJPH.87.12.1944.

21. Serfling RE. Methods for current statistical analysis of 
excess pneumonia-influenza deaths. Public Health Rep 
1963; 78:494-506; PMID:19316455; http://dx.doi.
org/10.2307/4591848.

22. Drummond MF, Sculpher MJ, Torrance GW, O’Brien 
BJ, Stoddart GL. Methods for the economic evaluation 
of health care programmes. Third edition. Oxford: 
Oxford University Press. 2005.

23. Beutels P, Scuffham PA, MacIntyre CR. Funding of 
drugs: do vaccines warrant a different approach? Lancet 
Infect Dis 2008; 8:727-33; PMID:18992409; http://
dx.doi.org/10.1016/S1473-3099(08)70258-5.

24. Keech M, Beardsworth P. The impact of influen-
za on working days lost: a review of the litera-
ture. Pharmacoeconomics 2008; 26:911-
24; PMID:18850761; http://dx.doi.
org/10.2165/00019053-200826110-00004.

25. Koopmanschap MA, Rutten FF. The impact of indirect 
costs on outcomes of health care programs. Health 
Econ 1994; 3:385-93; PMID:9435921; http://dx.doi.
org/10.1002/hec.4730030606.

26. Koopmanschap MA, Rutten FF, van Ineveld BM, van 
Roijen L. The friction cost method for measuring indi-
rect costs of disease. J Health Econ 1995; 14:171-89; 
PMID:10154656; http://dx.doi.org/10.1016/0167-
6296(94)00044-5.

27. Weinstein MC, Siegel JE, Garber AM, Lipscomb 
J, Luce BR, Manning WG Jr., et al. Productivity 
costs, time costs and health-related quality of life: a 
response to the Erasmus Group. Health Econ 1997; 
6:505-10; PMID:9353651; http://dx.doi.org/10.1002/
( S I C I ) 1 0 9 9 - 1 0 5 0 ( 1 9 9 7 0 9 ) 6 : 5 < 5 0 5 : : A I D -
HEC294>3.0.CO;2-I.

28. Liljas B. How to calculate indirect costs in eco-
nomic evaluations. Pharmacoeconomics 1998; 
13:1-7; PMID:10175982; http://dx.doi.
org/10.2165/00019053-199813010-00001.



©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

840 Human vaccines & immunotherapeutics volume 9 issue 4

49. Gatwood J, Meltzer MI, Messonnier M, Ortega-
Sanchez IR, Balkrishnan R, Prosser LA. Seasonal 
influenza vaccination of healthy working-age 
adults: a review of economic evaluations. Drugs 
2012; 72:35-48; PMID:22191794; http://dx.doi.
org/10.2165/11597310-000000000-00000.

50. Hogan TJ. Issues in the economic evaluation of 
influenza vaccination by injection of healthy work-
ing adults in the US: a review and decision anal-
ysis of ten published studies. Pharmacoeconomics 
2012; 30:355-71; PMID:22462695; http://dx.doi.
org/10.2165/11596890-000000000-00000.

51. Newall AT, Kelly H, Harsley S, Scuffham PA. Cost 
effectiveness of influenza vaccination in older adults: 
a critical review of economic evaluations for the 
50- to 64-year age group. Pharmacoeconomics 
2009; 27:439-50; PMID:19640008; http://dx.doi.
org/10.2165/00019053-200927060-00001.

52. Burls A, Jordan R, Barton P, Olowokure B, Wake 
B, Albon E, et al. Vaccinating healthcare workers 
against influenza to protect the vulnerable--is it a 
good use of healthcare resources? A systematic review 
of the evidence and an economic evaluation. Vaccine 
2006; 24:4212-21; PMID:16546308; http://dx.doi.
org/10.1016/j.vaccine.2005.12.043.

53. Postma MJ, Baltussen RP, Palache AM, Wilschut JC. 
Further evidence for favorable cost-effectiveness of 
elderly influenza vaccination. Expert Rev Pharmacoecon 
Outcomes Res 2006; 6:215-27; PMID:20528557; 
http://dx.doi.org/10.1586/14737167.6.2.215.

40. Sander B, Kwong JC, Bauch CT, Maetzel A, McGeer 
A, Raboud JM, et al. Economic appraisal of Ontarioºs 
Universal Influenza Immunization Program: a cost-
utility analysis. PLoS Med 2010; 7:e1000256; 
PMID:20386727; http://dx.doi.org/10.1371/journal.
pmed.1000256.

41. Neuzil KM, Hohlbein C, Zhu Y. Illness among school-
children during influenza season: effect on school 
absenteeism, parental absenteeism from work, and 
secondary illness in families. Arch Pediatr Adolesc Med 
2002; 156:986-91; PMID:12361443.

42. Jit M, Brisson M. Modelling the epidemiol-
ogy of infectious diseases for decision analy-
sis: a primer. Pharmacoeconomics 2011; 
29:371-86; PMID:21504239; http://dx.doi.
org/10.2165/11539960-000000000-00000.

43. Kim SY, Goldie SJ. Cost-effectiveness analyses of 
vaccination programmes: a focused review of mod-
elling approaches. Pharmacoeconomics 2008; 
26:191-215; PMID:18282015; http://dx.doi.
org/10.2165/00019053-200826030-00004.

44. Baguelin M, Jit M, Miller E, Edmunds WJ. Health and 
economic impact of the seasonal influenza vaccination 
programme in England. Vaccine 2012; 30:3459-62; 
PMID:22446636; http://dx.doi.org/10.1016/j.vac-
cine.2012.03.019.

45. de Waure C, Veneziano MA, Cadeddu C, Capizzi 
S, Specchia ML, Capri S, et al. Economic value of 
influenza vaccination. Hum Vaccin Immunother 2012; 
8:119-29; PMID:22251999.

46. Coleman MS, Washington ML, Orenstein WA, 
Gazmararian JA, Prill MM. Interdisciplinary epide-
miologic and economic research needed to support 
a universal childhood influenza vaccination policy. 
Epidemiol Rev 2006; 28:41-6; PMID:16740584; 
http://dx.doi.org/10.1093/epirev/mxj008.

47. Nichol KL. Cost-effectiveness and socio-economic 
aspects of childhood influenza vaccination. Vaccine 
2011; 29:7554-8; PMID:21820477; http://dx.doi.
org/10.1016/j.vaccine.2011.08.015.

48. Savidan E, Chevat C, Marsh G. Economic evidence 
of influenza vaccination in children. Health Policy 
2008; 86:142-52; PMID:18054109; http://dx.doi.
org/10.1016/j.healthpol.2007.09.009.

29. Beutels P, Clara R, Tormans G, Van Doorslaer E, 
Van Damme P. Costs and benefits of routine varicella 
vaccination in German children. J Infect Dis 1996; 
174(Suppl 3):S335-41; PMID:8896542; http://dx.doi.
org/10.1093/infdis/174.Supplement_3.S335.

30. Bilcke J, Van Damme P, Beutels P. Cost-effectiveness 
of rotavirus vaccination: exploring caregiver(s) and “no 
medical care” disease impact in Belgium. Med Decis 
Making 2009; 29:33-50; PMID:18948433; http://
dx.doi.org/10.1177/0272989X08324955.

31. Szucs T. The socio-economic burden of influenza. J 
Antimicrob Chemother 1999; 44 Suppl B:11-15.

32. Wynne-Jones G, Mallen CD, Welsh V, Dunn KM. 
Rates of sickness certification in European pri-
mary care: a systematic review. Eur J Gen Pract 
2008; 14:99-108; PMID:19153887; http://dx.doi.
org/10.1080/13814780802687521.

33. Stephenson I, Nicholson KG. Influenza: vaccina-
tion and treatment. Eur Respir J 2001; 17:1282-93; 
PMID:11491177; http://dx.doi.org/10.1183/0903193
6.01.00084301.

34. McCullers JA, Huber VC. Correlates of vaccine protec-
tion from influenza and its complications. Hum Vaccin 
Immunother 2012; 8:34-44; PMID:22252001.

35. Schanzer DL, Garner MJ, Hatchette TF, Langley JM, 
Aziz S, Tam TW. Estimating sensitivity of laboratory 
testing for influenza in Canada through modelling. 
PLoS One 2009; 4:e6681; PMID:19688094; http://
dx.doi.org/10.1371/journal.pone.0006681.

36. Kelly H, Newall AT. Mortality benefits of influenza 
vaccination in elderly people. Lancet Infect Dis 2008; 
8:462-3, author reply 463-5; PMID:18652991; http://
dx.doi.org/10.1016/S1473-3099(08)70163-4.

37. Clemens J, Shin S, Ali M. New approaches to the 
assessment of vaccine herd protection in clinical trials. 
Lancet Infect Dis 2011; 11:482-7; PMID:21616458; 
http://dx.doi.org/10.1016/S1473-3099(10)70318-2.

38. Esposito S, Marchisio P, Bosis S, Lambertini L, Claut L, 
Faelli N, et al. Clinical and economic impact of influ-
enza vaccination on healthy children aged 2-5 years. 
Vaccine 2006; 24:629-35; PMID:16157429; http://
dx.doi.org/10.1016/j.vaccine.2005.08.054.

39. Piedra PA, Gaglani MJ, Kozinetz CA, Herschler G, 
Riggs M, Griffith M, et al. Herd immunity in adults 
against influenza-related illnesses with use of the 
trivalent-live attenuated influenza vaccine (CAIV-T) in 
children. Vaccine 2005; 23:1540-8; PMID:15694506; 
http://dx.doi.org/10.1016/j.vaccine.2004.09.025.




